High prevalence of Kaposi's sarcoma (KS) is seen in diabetic patients. It is 24 unknown if the physiological condition of diabetes contributes to KS development. We 25 found elevated levels of viral lytic gene expression when Kaposi's sarcoma-associated 26 herpesvirus (KSHV) infected cells were cultured in high glucose medium. To 27 demonstrate the association between high glucose and KSHV replication, we xeno-28 grafted telomerase-immortalized human umbilical vein endothelial cells that are infected 29 with KSHV (TIVE-KSHV) into hyperglycemic and normal nude mice. The injected cells 30 expressed significantly higher levels of KSHV lytic genes in hyperglycemic mice than in 31 normal mice. We further demonstrated that high glucose induced production of hydrogen 32 peroxide (H 2 O 2 ), which down regulated silent information regulator 1 (SIRT1), a class-III 33 histone deacetylase (HDAC), resulting in epigenetic transactivation of KSHV lytic genes. 34 These results suggest that high blood glucose in diabetic patients contributes to 35 development of KS by promoting KSHV lytic replication and infection.
Immuno-chemical staining and imaging 124 Fresh frozen sections were prepared from the surgically removed tumors. A 125 standard procedure for preparation and staining of acetone-fixed frozen tissue sections 126 was followed, using primary antibodies to KSHV small capsid protein (ORF65), latent 127 protein LANA, and control IgG. After multiples washes with PBS, the primary antibody-128 antigen signals were revealed with a biotinylated secondary antibody and streptavidin-129 horseradish peroxidase, and DAB (3,3'-diaminobenzidine) detection system (Biolegend, 7 (Invitrogen, Carlsbad, CA). qRT-PCR was conducted to quantify different viral 138 transcripts using primers described previously (23) . The mRNA level of the 139 housekeeping gene β-actin was used as a reference for normalization, using the primers 3, and 6 g/L D-glucose, which are equivalent to 100, 300, and 600 mg/dL as measured by 193 clinic glucose meters, respectively. Clearly, BCBL1 cells expressed significantly higher 194 levels of RTA and K8.1 mRNA ( Fig. 1A) , as well as RTA and K8α proteins when 10 produced higher titers of virions ( Fig. 1H ). Collectively, these results indicate that high 207 glucose enhances KSHV lytic gene expression and replication in different types of cells. To further examine the association between high blood glucose in diabetic KS 211 patients and KSHV replication, we next generated hyperglycemic nude mice by using the 212 commonly used antibiotic STZ. Before treatment, the blood glucose level of each mouse 213 was measured using a glucose meter. All 32 mice had a blood glucose level within the 214 normal range (100 to 140 mg/dL) ( Fig. 2A ). The mice were then randomly divided into 215 two groups. One group of mice were injected with STZ at a dose of 200 mg/kg body 216 mass, twice weekly for 2 weeks, and the second group were injected with a placebo 217 (PBS). Two weeks after the treatment, we measured the blood glucose levels of all mice 218 again. All STZ-treated mice displayed permanent diabetic levels of blood glucose (Fig. 219 2A) and symptoms of diabetes such as excessive thirst and loss of weight ( Fig. 2B ).
220
We then subcutaneously injected TIVE-KSHV (BAC16) cells at the abdominal 221 region at a dose of 5 x 10 6 cells per injection site, two sites per mouse, into the two 222 groups of mice for tumor development. Eight weeks after inoculation, we surgically 223 collected the tumors. As shown in Fig. 2C and D, no significant difference in tumor 224 volume was seen between the two groups, except two of the STZ-treated mice developed 225 a secondary tumor at the neck region. These secondary tumors had fewer cells that 226 expressed KSHV latent protein LANA and contained large numbers of mouse 227 inflammatory cells expressing the mouse macrophage marker F4/80 (data not shown). Since we waited two weeks after the last STZ treatment before injecting TIVE-244 KSHV (BAC16) cells into the mice, it is unlikely that the increased expression of RTA 245 and ORF65 resulted from STZ treatment itself. To rule out that possibility, we cultured (21). The Hyper-cyto protein exhibits two excitation peaks at 420 and 500 nm and one 259 emission peak at 516 nm. Upon exposure to H 2 O 2 , the excitation peak at 420 nm 260 decreases in proportion to the increase in the peak at 500 nm, and cells become yellow 261 fluorescent when intracellular H 2 O 2 surpasses the threshold level (32). We cultured these 262 cells in RPMI 1640 medium containing 1, 3, and 6 g/L D-glucose for 24 hours 263 respectively. As shown in Fig. 4A and B , the intracellular level of H 2 O 2 increased 264 significantly when cells were cultured in higher concentrations of D-glucose. To further 265 confirm that high glucose induces H 2 O 2 production, we cultured BCBL1-BAC36 cells in 266 RPMI 1640 medium containing 1, 3, and 6 g/L D-glucose for 24 hours respectively, 267 prepared cell lysates from equal numbers (2 x 10 6 ) of cells in 1 ml assay buffer, and 268 measured their relative intracellular H 2 O 2 concentrations by using a hydrogen 269 peroxide/peroxidase assay kit from Cell Biolabs, Inc. Cells cultured in medium containing 3 270 and 6 g/L D-glucose definitely produced higher levels of H 2 O 2 (Fig. 4C ).
TIVE-KSHV (BAC16) cells express higher levels of KSHV lytic genes in

271
To demonstrate that H 2 O 2 was responsible for the increased KSHV lytic gene High glucose down regulates class-III HDAC SIRT1 to increase histone acetylation 281 and transactivate viral chromatins 282 We previously showed that H 2 O 2 activated the MAP kinases ERK-1/2, JNK, and 283 p38 to induce expression of KSHV lytic genes (21). Consistent with our previous finding, 284 BCBL1-BAC36 cells cultured in medium containing high concentration of D-glucose 285 displayed increased phosphorylation of ERK1/2, JNK, and p38 and expression of KSHV 286 lytic protein RTA, which can be inhibited by catalase (Fig. 5A ). In addition, inhibitors of 287 ERK1/2, JNK, and p38 significantly inhibited high glucose induction of RTA 288 transcription (Fig. 5B ), thus confirming a critical role of MAPK activation in high 289 glucose induction of RTA expression.
290
To investigate other mechanisms that might be involved in high glucose induction 291 of KSHV lytic replication, we examined the expression of SIRT1, which is a member of 292 class-III HDAC and a key factor involved in the development of diabetes (33-39). In Immuno-fluorescence antibody (IFA) staining showed that SIRT1 expression was 296 substantially reduced in BCBL1-BAC36 cells cultured in medium containing 6 g/L D-glucose compared to cells cultured in medium containing 1 g/L D-glucose ( Fig. 6A and   298 B). Consistent with the IFA results, data from Western blot analysis showed that the 299 protein level of SIRT1 was reduced by D-glucose in a dose-dependent manner (Fig. 7A ).
300
To examine if H 2 O 2 plays a role in SIRT1 down regulation, we cultured BCBL1-BAC36 301 cells in medium containing low and high glucose in the presence of various doses of 302 catalase. As shown in Fig. 7B , catalase dose-dependently blocked SIRT1 down regulation 303 in cells that were cultured in medium containing 6 g/L D-glucose. In a parallel 304 experiment, we found that treating BCBL1-BAC36 cells with H 2 O 2 also resulted in 305 SIRT1 down regulation, which could be blocked by catalase as well (Fig. 7C ). Together, 306 these results suggest that H 2 O 2 mediates SIRT1 down regulation in cells that are cultured 307 in medium containing high concentration of glucose.
308
As a consequence of SIRT1 down regulation, BCBL1-BAC36 cells cultured in 309 medium containing high concentrations of D-glucose displayed increased levels of 310 acetylated histones, which could be reduced by adding catalase to the culture medium 311 (Fig. 7D ). To demonstrate that these epigenetic changes indeed occur in viral 312 chromatins, we next conducted ChIP assays. By performing qPCR using primers specific 313 for the promoter region of KSHV lytic gene RTA, we detected significantly higher levels 314 of acetylated histones and RNA polymerase II in this region of viral chromatin when cells 315 were cultured in medium containing high concentrations of glucose ( Fig. 5E and F) . 316 These results suggest that, in addition to activation of MAKP pathways, high glucose also Multiple studies have reported high prevalence of classic KS in patients with 322 diabetes mellitus (10-13), and KSHV DNA was detected in more than 50% of type-2 323 diabetic patients (14-16). These clinical studies seem to suggest that diabetes patients are 324 more prone to KSHV infection and that diabetes is a risk factor for development of 325 classic KS. However, whether this metabolic syndrome really contributes to KS tumor 326 development has never been experimentally tested. we found that high glucose and H 2 O 2 also cause down regulation of the class-III HDAC 356 SIRT1, leading to increased levels of histone acetylation in the promoter region of KSHV 357 key lytic gene RTA. Thus, high glucose also engages this epigenetic mechanism to 358 promote KSHV lytic gene expression. SIRT1 is well known for its anti-aging, anti-359 oxidative stress, and anti-inflammation properties (22, (46) (47) , and down regulation of 360 SIRT1 has been linked to development of diabetes (48). Suppression of SIRT1 has been 361 shown to trigger reactivation of latent KSHV (42, 49) . SIRT1 is a member of the Sirtuin 362 protein family that couples histone lysine deacetylation to NAD hydrolysis (50-52). The 363 dependence of SIRT1 on NAD links its enzymatic activity directly to the energy status of 364 cells via the cellular NAD to NADH ratio, the absolute levels of NAD, NADH or hours. Concentrations of the inhibitors were as described previously (21). 
